INTRODUCTION {#s1}
============

The primary goal of rehabilitation for post-hand surgery patients is to improve hand function and the frequency with which the affected hand is used in daily life[@r1],[@r2],[@r3],[@r4]^)^. However, previous research has indicated that in the clinical setting, some patients do not experience any improvement in the frequency of affected hand use despite experiencing improved hand function.

Previous studies with stroke patients have reported that cognitions and perceptions had an important role for improving hand function and the frequency with which the affected hand was used[@r5]^)^. Similarly, it was reported that breast cancer patients experienced a negative association between the kinesthetic sense and hand function[@r6]^)^. Thus, hand functions may be recovered by the patients' perception and its cognition.

It was also hypothesized that the primary cause for this lack of improvement is a dissociation between actual hand function and patient perception of hand function. Therefore, an observational cross-sectional study was performed to investigate the factors related to patient perception of hand function[@r7]^)^. The data revealed that patients who perceived a high degree of subjective hand motor function also displayed a high degree of tactile roughness discrimination acuity and experienced little pain in the affected hand[@r7]^)^. However, it remains unclear whether the improvement in tactile roughness discrimination acuity, reduced pain, and the improvement in the patients' perception of hand function while being hospitalized are correlated. The purpose of the present study was to identify the physical functions and demographic variables related to improvements in patients' perception of hand function after hand surgery.

SUBJECTS AND METHODS {#s2}
====================

A total of 41 patients (32 males and 9 females; mean age = 48.6 ± 10.4 years) who underwent hand surgery between January and September 2014 in Japan were included in this study. Participants who experienced a loss of upper limb function due to a disorder unrelated to the injury at the surgical site were excluded from the study. In addition, 16 patients (13 males and 3 females; mean age = 47.4 ± 14.4 years) with an amputation or incomplete amputation (10), a tendon injury or tear (4), a dislocation (1), or other injury (1), to the dominant side (10) or the non-dominant side (6), were included. The mean length of the hospital stay was 11.4 days (± 5.5 days). These characteristics are similar to those of patients in previous studies[@r7]^)^.

This study was conducted with the approval of the ethics committees of the participating hospitals. In accordance with the Helsinki Declaration, informed written consent was obtained from all subjects after providing them with a complete written description of the details of the study.

The patients' perception of hand function, tactile roughness discrimination acuity, motor imagery, motor function, sensory function, and pain were assessed.

The Japanese Society for Surgery of the Hand edition of the Quick-Disabilities of the arm, shoulder, and hand (QuickDASH) outcome measure was used to assess perceived hand function[@r8]^)^.

The tactile roughness discrimination acuity test asks patients to discriminate between sandpapers of different roughness using a finger of the injured hand. Sandpapers of 80, 240, and 400 grits (JIS) were used in this study. A rater asked the subject to close their eyes and then place a finger of the injured hand on the sandpaper. The patients touched the sandpapers in random order. A correct answer was assigned when the patient was able to correctly identify all three sandpapers, and the percentage of correct answers was calculated from 10 attempts. Preliminary tests showed that the intra-rater reliability was high (interclass correlation coefficient = 0.98, 95% confidence interval = 0.95, 0.99).

For the motor imagery test, subjects were asked to rate the clarity of first- and third-person motor imagery for flexion and extension of all fingers on the injured hand using a five-step scale. After performing each type of imagery once, patients selected the best response (difficult, somewhat difficult, neutral, somewhat easy, or easy) to the question, "Were you able to make a clear image?"

For the motor function test, the active range of motion of the fingers of the injured hand was measured. The obtained values were divided by the active range of motion angles of the fingers of the opposite hand, and the percentage of total active motion (%TAM) was calculated.

For the sensory function, the subjects' static sensory threshold and two-point discrimination acuity were measured. The sensory threshold was assessed on a five-step scale using the Semmes-Weinstein monofilament test (SWM)[@r9]^)^. Two-point discrimination was performed using the static two-point discrimination test (s2PD) and the moving two-point discrimination test (m2PD)[@r10], [@r11]^)^. The minimum distance (in mm) at which discrimination was possible was measured.

Pain in the wrist was assessed using the self-administered Patient-Rated Wrist Evaluation (PRWE) questionnaire[@r12]^)^. Pain in the fingers was assessed using a separate PRWE in which the word "wrist" was replaced with the word "finger." Analysis was performed by totaling the wrist and finger pain scores. The assessment was performed twice, once at admission and once at discharge.

The clinical characteristics of the patients (age, gender, injured and dominant side, diagnosis, and number of days post-surgery) were obtained from the patients' medical records. All subjects underwent normal rehabilitation during hospitalization.

Spearman's rank-order correlation coefficients, using differences in QuickDASH, the tactile roughness discrimination acuity test, the motor imagery test, %TAM, SWM, s2PD, m2PD, and PRWE at admission and discharge, were calculated to investigate whether improvements in QuickDASH scores during hospitalization were correlated with improvements in other factors. A multiple regression analysis (stepwise method) of the differences between QuickDASH scores at admission and discharge, as the dependent variables, and the differences between the other assessed items at admission and discharge, as the independent variables, was performed to assess the factors that were related to improvements in QuickDASH scores.

All analyses were performed using IBM SPSS Statistics ver. 21 for Windows (IBM, New York, America). Statistical significance was set at 5%.

RESULTS {#s3}
=======

The descriptive statistics for all assessed items (at admission and discharge) are depicted in [Table 1](#tbl_001){ref-type="table"}Table 1.Differences of measurements between admission and dischargeAssessmentAdmissionDischargeMean difference95% Confidence intervalLowerUpperQuickDASH (points)54.7 ± 17.245.6 ± 16.39.120.8917.4\*%TAM (%)50.6 ± 16.566.9 ± 17.8−20.7−31.9−9.55\*\*SWM3.94 ± 1.443.81 ± 1.110.27−0.250.79s2PD (mm)3.44 ± 1.593.63 ± 1.261.06−0.352.47m2PD (mm)7.97 ± 10.128.7 ± 24.40.31−0.320.95Tactile roughness discrimination (%)4.61 ± 1.374.34 ± 1.33−16.3−24.2−8.26\*First-person motor imagery (points)9.56 ± 5.918.50 ± 5.200.13−0.650.90Third-person motor imagery (points)5.44 ± 2.255.13 ± 2.06−0.19−0.890.52Finger pain (points)68.5 ± 17.653.8 ± 16.714.81.8627.6\*Wrist pain (points)29.1 ± 26.025.1 ± 24.84−10.218.2\*p \< 0.05, \*\*p \< 0.01. m2PD: moving two-point discrimination test; s2PD: static two-point discrimination test; QuickDASH: Japanese Society of Surgery of the Hand edition of the Quick-Disabilities of the arm, shoulder, and hand questionnaire; %TAM: percentage of total active motion; SWM: Semmes-Weinstein Monofilaments test. [Table 1](#tbl_001){ref-type="table"} shows that QuickDASH scores had significantly improved at discharge compared to those at admission (mean difference 9.12, 95% confidence interval 0.89, 17.35, p = 0.03). Similarly, %TAM, tactile roughness discrimination acuity, and finger pain had improved significantly ([Table 1](#tbl_001){ref-type="table"}).

The analysis of the correlation coefficients for all studied factors indicated that tactile roughness discrimination acuity had a high degree of correlation with the QuickDASH scores (r = −0.57, 95% confidence interval = −0.83, −0.10; [Table 2](#tbl_002){ref-type="table"}Table 2.Correlation coefficients for changes in QuickDASH scores and physical function variablesAssessmentQuickDASHTactile roughness discriminationFirst-person motor imageryThird-person motor imagery%TAMSWMs2PDm2PDFinger painWrist painElapsed daysQuickDASHTactile roughness discrimination−0.57\*First-person motor imagery−0.13−0.2Third-person motor imagery−0.13−0.040.34%TAM−0.160.04−0.18−0.47SWM−0.350.040.220.08−0.22s2PD−0.04−0.460.42−0.07−0.250.54\*m2PD0.19−0.240.12−0.3−0.10.450.66\*\*Finger pain0.02−0.13−0.080.420.04−0.43−0.62\*−0.62\*Wrist pain0.05−0.44−0.40.23−0.190.1−0.48−0.040.23Elapsed days0.060.13−0.010.1800.06−0.020.16−0.280.08\*p \< 0.05, \*\*p \< 0.01. m2PD: moving two-point discrimination test; s2PD: static two-point discrimination test; QuickDASH: The Japanese Society of Surgery of the Hand edition of the Quick-Disabilities of the arm, shoulder, and hand questionnaire; %TAM: percentage of total active motion; SWM: Semmes-Weinstein Monofilaments test). Multiple regression analysis similarly showed that tactile roughness discrimination acuity was correlated with improvement in QuickDASH scores ([Table 3](#tbl_003){ref-type="table"}Table 3.Multiple regression analysis using QuickDASH scores as the dependent variableAssessmentPartial regression coefficientStandard partial regression coefficient95% Confidence intervalLowerUpperTactile roughness discrimination acuity\*−0.55−0.53−1.05−0.05\* p\<0.05, Adjusted R-square = 0.23).

DISCUSSION {#s4}
==========

This is a first novel finding that the patients' perceptions of improvements in hand function were most strongly correlated with improvements only for tactile roughness discrimination acuity. Moreover, there were associations between finger pain and some sensory assessments.

Tactile roughness discrimination acuity likely showed the strongest correlation because the high-order sensory information processing function that is involved in discrimination of roughness, increases the patients' perception of their hands[@r13]^)^. Sensory function information processing only processes information related to the location on the body where the stimulus is introduced during single-point stimulus tests.

However, a previous study has shown that during tactile roughness discrimination tests, higher order information processing occurs, which, in addition to tactile roughness discrimination acuity, also discriminates the type of sensation being felt[@r14]^)^. Furthermore, brain activities of the superior parietal lobule, which processes higher order sensory information, are thought to be related to enhancing body schema imagery[@r15]^)^. Thus, the subjects' improvements in their perception of discriminating tactile roughness are related to brain activity that governs the perceptions of hand functions.

Otherwise, the finger pain assessed by PRWE was associated with both of the two-point discrimination tests. However, these assessments were not related to the perceptions of hand function. The tactile discrimination, pain, and two-point discrimination are all defined as sensory. However, these sensory tracts are different from each other[@r16], [@r17]^)^. These findings may contribute to the present results; that only tactile discrimination tasks are associated with the patient's perception.

A causal relationship between an improvement in tactile roughness discrimination acuity and patient perception of hand function has still not been established, this is a limitation of the present study. In future studies, this causal relationship will have to be demonstrated through interventions targeting tactile roughness discrimination acuity during the immobile period.

[^1]: Both authors contributed equally to this work
